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(54) Revolution speed control apparatus for an internal combustion engine 



(57) A revolution speed control apparatus is pro- 
vided. In particular, a variable valve drive apparatus for 
an internal combustion engine is provided, capable of 
continuously and variably setting a valve lift in conjunc- 
tion with use of a three-dimensional cam(28). The appa- 
ratus provides a proper fail-safe system by setting an 
appropriate allowable engine revolution speed. An 
actual amount of adjustment in the position of a cam 
shaft(23), that is performed by a valve lift varying actua- 
tor^), is detected by a shaft position sensor. Based on 
the actual amount of adjustment, the apparatus deter- 
mines a cam profile of each intake cam contacting the 
corresponding cam follower. That is, the apparatus 
determines what portion of the oblique cam surface of 
each intake cam is providing a present valve lift. A valve 
lift is thus specified in addition to other parameters 
needed to determine an allowable revolution speed. 
These parameters include the valve spring load and the 
valve mass, for example. As a result, it becomes possi- 
ble to set a precise allowable revolution speed. Based 
on the set allowable revolution speed, the apparatus 
determines whether the state of the actual revolution 
speed is appropriate, If the actual revolution speed is 
equal to or higher than the allowable revolution speed, 
the engine revolution speed can be property reduced. 
This may be performed by implementing a fuel-cut. 
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Description 

BACKGROUND OF THF INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a revolution 
speed control apparatus for an internal combustion 
engine. In particular, the invention relates to a revolution 
speed control apparatus for an internal combustion 
engine that employs a variable valve drive device incor- 
porating a three-dimensional cam whose profile contin- 
uously changes in a direction of a rotational axis of the 
cam. 

2. Description of thP Belated Art 

[0002] A known variable valve drive device for intake 
or exhaust valves of an internal combustion engine 
switches between a valve lift set for low revolution 
speeds of the engine and a valve lift set for high revolu- 
tion speeds. This is performed by hydraulically switching 
between a low speed cam and a high speed cam, as 
described in, for example, Japanese Patent Application 
Laid-Open No. Hei 1-19131. 

[0003] This technology employs countermeasures 
against reductions in the responsiveness of the switch- 
ing from the low speed cam to the high speed cam 
caused by low hydraulic fluid viscosity at low tempera- 
tures. That is, during a low temperature condition, the 
variable valve drive device maintains operation of the 
low speed cam, and stops the fuel supply to the internal 
combustion engine if the engine revolution speed 
becomes high. 

[0004] However, if the temperature is not low, the var- 
iable valve drive device controls the switching between 
the low speed cam and the high speed cam merely by 
controlling the cam switching fluid pressure, and does 
not check whether the cam is actually switched. There- 
fore, if the low speed cam is not switched to the high 
speed cam, for any reason, at the time of a high engine 
revolution speed, the variable valve drive device is not 
able to perform a fail-safe operation, such as a fuel cut 
operation, or the like. 

[0005] In addition to the above-described system for 
switching between the low and high speed cams, 
another variable valve drive device is known which 
employs a three-dimensional cam whose cam profile 
continuously changes in the direction of the rotational 
axis of the cam, i.e., to adjust the valve lift. In some sys- 
tems employing such three-dimensional cams, the 
valve lift adjustment involves, as parameters, not only 
the revolution speed of the internal combustion engine, 
but also engine loads including the intake pressure, the 
amount of intake air, the amount of fuel, and the like. In 
such a system, detection of an actual revolution speed 
is not sufficient to determine a single cam profile to be 
engaged. Therefore, if the control is solely based on 



detection of the engine revolution speed, it is impossible 
to determine a valve lift and set an allowable revolution 
speed. Hence, a mere application of the conventional 
technology, for switching between a low speed cam and 
5 a high speed cam, to a variable valve drive device 
employing a three-dimensional cam results in difficulty 
to establish a fail-safe system. 
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SUMMARY OF THE INVENTION 



[0006] Accordingly, it is an object of the present inven- 
tion to provide a fail-safe system variable valve drive 
device employing a three-dimensional cam to continu- 
ously variably set the valve lift, by setting an appropriate 
is allowable revolution speed. 

[0007] A revolution speed control apparatus for an 
internal combustion engine according to the invention 
includes a three-dimensional cam provided on a cam 
shaft of the internal combustion engine. The three- 
20 dimensional cam has a cam surface that contacts a cam 
follower drivingly connected to a valve. The three- 
dimensional cam has a cam profile that varies continu- 
ously in a direction of a rotational axis of the three- 
dimensional cam. The apparatus further includes a 
25 valve lift varying actuator capable of continuously vary- 
ing a valve lift of the valve caused by the three-dimen- 
sional cam, by adjusting a position of the camshaft in 
the direction of the rotational axis. The apparatus fur- 
ther includes an adjustment amount detector that 
30 detects an amount of adjustment provided by the valve 
lift varying actuator, an allowable revolution speed setter 
that determines an allowable revolution speed of the 
internal combustion engine in accordance with the 
amount of adjustment detected by the adjustment 
35 amount detector, an engine revolution speed detector 
that detects a revolution speed of the internal combus- 
tion engine, and an engine revolution speed reducer 
that reduces the revolution speed of the internal com- 
bustion engine if the revolution speed detected by the 
40 engine revolution speed detector is greater than the 
allowable revolution speed set by the allowable revolu- 
tion speed setter. 

[0008] In the above-described revolution speed con- 
trol apparatus, the adjustment amount detector directly 
45 detects the state of, or the amount of, adjustment per- 
formed by the valve lift varying actuator. Based on this 
detection, the apparatus determines a cam profile of the 
cam contacting the cam follower, that is, finds what por- 
tion of an oblique cam surface of the cam is providing a 
so present valve lift. A valve lift cam profile is thus specified 
in addition to other parameters needed to determine an 
allowable revolution speed. These other parameters 
may include the valve spring load, the valve mass, and 
the like. As a result, it is possible to set a precise allow- 
55 able revolution speed. Thus, the allowable revolution 
speed setter can be set by an appropriate allowable rev- 
olution speed, which corresponds to the valve lift. By 
using this appropriate allowable revolution speed, the 
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engine revolution speed reducer reduces the revolution 
speed of the internal combustion engine to a proper 
range. Therefore, the apparatus of the invention is able 
to provide a proper fail-safe system and prevent prob- 
lems in an internal combustion engine. 
[0009] The engine revolution speed reducer may 
reduce the revolution speed of the internal combustion 
engine by stopping a fuel supply to the internal combus- 
tion engine. This operation is generally referred to as a 
fuel-cut. 

[0010] Furthermore, the allowable revolution speed 
setter may set the allowable revolution speed by contin- 
uously varying the allowable revolution speed in accord- 
ance with the valve lift corresponding to the amount of 
adjustment. 

[0011] If the valve lift increases, the valve spring is 
compressed. As a result, the allowable revolution speed 
tends to continuously increase in some cases. However, 
in some other cases, as the valve lift increases, the 
allowable revolution speed exhibits other continuous 
changing patterns, depending on the specifications of 
the valve spring and the profile of the cam surface. Con- 
sidering such characteristics, the setting of the allowa- 
ble revolution speed can be adapted to the 
characteristics of the three-dimensional cam and the 
valve spring. This is performed by continuously varying 
the allowable revolution speed in accordance with 
changes in the valve lift corresponding to the amount of 
adjustment. Therefore, the apparatus of the invention is 
able to set a more precise allowable revolution speed, 
and provide a proper fail-safe system and prevent prob- 
lems in an internal combustion engine. 

BRIEF DESCRIPTION QF THE DRAWINGS 

[001 2] The foregoing and further objects, features and 
advantages of the present invention will become appar- 
ent from the following description of exemplary embodi- 
ments with reference to the accompanying drawings, 
wherein like numerals are used to represent like ele- 
ments and wherein: 

Fig. 1 is a schematic illustration of an internal com- 
bustion engine including a block diagram of an 
engine revolution speed control apparatus accord- 
ing to a first embodiment of the invention; 
Fig. 2 is a perspective view of an intake cam 
according to the first embodiment of the invention; 
Fig. 3 illustrates the arrangement of a valve lift var- 
ying actuator according to the first embodiment of 
the invention; 

Fig. 4 is a flowchart showing a fail-safe operation 
performed by a valve lift adjusting ECU (electronic 
control unit) in the first embodiment of the invention; 
Fig. 5 is a graph showing a relationship between 
the engine revolution speed and the shall position; 
and 

Fig. 6 is a flowchart illustrating a portion of a fail- 



safe operation according to a second embodiment 
of the invention. 

PETAllEP PESCRIPTIQN OF PREFERRED EMBQP- 
5 IMENTS 

[0013] While the invention will hereinafter be 
described in connection with exemplary embodiments 
thereof, it will be understood that it is not intended to 
w limit the invention to those embodiments. On the con- 
trary, it is intended to coverall alternatives, modifications 
and equivalents that may be included within the spirit 
and scope of the invention. 

[001 4] For a general understanding of the features of 
is the invention, reference is made to the drawings. In the 
drawings, like reference numerals have been used 
throughout to designate like elements. 
[0015] Fig. 1 is a schematic illustration of an internal 
combustion engine, including a block diagram of an 
20 engine revolution speed control apparatus. 

[001 6] A gasoline engine (hereinafter, simply referred 
to as "engine") 1 1 is illustratively an in-line 4-cylinder 
gasoline engine for a vehicle. The engine 1 1 has a cyl- 
inder block 1 3 provided with reciprocating pistons 1 2, an 
25 oil pan 13a disposed below the cylinder block 13, and a 
cylinder head 14 disposed on top of the cylinder block 
13. • 

[001 7] A crankshaft 15, that is, an output shaft of the 
engine 11 , is rotatably supported in a lower portion of 

30 the engine 11. The crankshaft 15 is connected to the 
pistons 12 via connecting rods 16. Reciprocating move- 
ments of the pistons 12 are converted into rotations of 
the crankshaft 15 by the connecting rods 16. A combus- 
tion chamber 17 is defined over each piston 12. Each 

35 combustion chamber 17 is connected to an exhaust 
passage 18 and an intake passage 19. The exhaust 
passage 18 is opened and dosed to each combustion 
chamber 17 by corresponding exhaust valves 20. The 
intake passage 19 is opened and closed to each com- 

40 bustion chamber 1 7 by corresponding intake valves 21 . 
[0018] An exhaust camshaft 22 and an intake cam- 
shaft 23 extend on the cylinder head 14 parallel to each 
other and also to the crankshaft 15. The exhaust cam 
shaft 22 is supported on the cylinder head 14 rotatably, 

45 but immovably along the axis of the exhaust camshaft 
22. The intake camshaft 23 is supported on the cylinder 
head 14, rotatably and movably, in the directions of an 
axis of the intake camshaft 23. 
[0019] A timing pulley 24a is provided at an end of the 

so exhaust camshaft 22. A valve lift varying actuator 25, 
provided with a timing pulley 25a, is provided at an end 
of the intake camshaft 23, the end being close to the 
timing pulley 24a of the exhaust camshaft 22. The valve 
lift varying actuator 25 moves the intake camshaft 23 

55 along the axis thereof to change a contact cam profile of 
a three-dimensional cam as described below. This is 
performed so as to adjust the valve lift and the open 
valve duration of the intake valves 21 . 
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[0020] The timing pulleys 24a, 25a are connected to a 
timing pulley 15a mounted to the crankshaft 15, via a 
timing belt 26. Rotational movement is transmitted from 
the crankshaft 15, that is, a driving rotational shaft, to 
the exhaust camshaft 22 and the intake camshaft 23, 
that is, driven rotational shafts, via the timing belt 26. As 
a result, the exhaust camshaft 22 and the intake cam- 
shaft 23 rotate synchronously with the crankshaft 15. 
[0021] The exhaust camshaft 22 has exhaust cams 
27, which each contact an upper end portion of a corre- 
sponding one of the exhaust valves 20 via a valve lifter. 
The intake camshaft 23 has intake cams 28 each con- 
tacting an upper end portion of a corresponding one of 
the intake valves 21 via a valve lifter. Therefore, if the 
exhaust camshaft 22 and the intake camshaft 23 rotate, 
the exhaust valves 20 and the intake valves 21 are 
opened and closed in accordance with cam profiles of 
the exhaust cams 27 and profiles of the intake cams 28, 
respectively. 

[0022] The cam profile of each exhaust cam 27 is uni- 
form with respect to the directions of the axis of the 
exhaust camshaft 22, whereas the cam profile of each 
intake cam 28 continuously changes with respect to the 
direction of the axis of the intake camshaft 23 as shown 
in Fig. 2. That is, each intake cam 28 is a three-dimen- 
sional cam. 

[0023] Therefore, if the intake camshafts 23 are grad- 
ually moved in a direction indicated by arrow A in Fig. 2, 
the lift of the intake valves 21, caused by the intake 
cams 28, gradually and continuously increases. Corre- 
spondingly, the opening timing of the intake valves 21 
advances and the closing timing thereof delays, so that 
the open valve duration gradually and continuously 
increases. If the intake cams 28 are moved in the direc- 
tion opposite to the direction of arrow A, the lift of the 
intake valves 21, caused by the intake cams 28, gradu- 
ally and continuously decreases. Correspondingly, the 
opening timing of the intake valves 21 delays and the 
closing timing thereof advances. As a result, the open 
valve duration gradually and continuously decreases. 
[0024] Thus, the open valve duration and the lift of the 
intake valves 21 can be continuously adjusted by mov- 
ing the intake camshaft 23 in the directions of its axis. 
[0025] The valve lift varying actuator 25 and a fluid 
supplying arrangement for hydraulically driving the 
valve lift varying actuator 25 will hereinafter be 
described with reference to Fig. 3. 
[0026] As shown in Fig. 3, the valve lift varying actua- 
tor 25 is provided with the timing pulley 25a. The timing 
pulley 25a has a tubular portion 151 through which the 
intake camshaft 23 extends, a disc portion 152 protrud- 
ing from an outer peripheral surface of the tubular por- 
tion 151, and a plurality of external teeth 153 formed in 
an outer peripheral surface of the disc portion 152. The 
tubular portion 151 of the timing pulley 25a is rotatably 
supported on a bearing portion 14b of the cylinder head 
1 4. The intake camshaft 23 extends through the tubular 
portion 151 in such a manner that the intake camshaft 



23 can be moved along its axis. 
[0027] A cover 1 54 is secured to the timing pulley 25a 
by bolts 155 in such a manner as to cover an end por- 
tion of the intake camshaft 23. A plurality of internal 
5 teeth 157 are arranged in circumferential directions in 
an inner peripheral surface of the cover 154, at a posi- 
tion corresponding to the end portion of the intake cam- 
shaft 23. Each of the internal teeth 157 linearly extends 
along the axis of the intake camshaft 23. 
io [0028] A tubular ring gear 1 62 is secured to the end of 
the intake camshaft 23 by a hollow bolt 158 and a pin 
159. The ring gear 162 has, on its outer peripheral sur- 
face, spur teeth 163 that mesh with the internal teeth 
157 of the cover 154. Each of the spur teeth 163 linearly 
is extends along the axis of the intake camshaft 23. There- 
fore, the ring gear 162 is movable together with the 
intake camshaft 23 along the axis of the intake camshaft 
23. 

[0029] In the valve lift varying actuator 25, constructed 
20 as described above, the timing pulley 25a is rotated 
together with the intake camshaft 23. This rotation is a 
result of a rotating force transmitted thereto from the 
crankshaft 15 via the timing belt 26, when the engine 1 1 
is operated. As the intake camshaft 23 rotates, the 
25 intake valves 2,1 are opened and closed. 

[0030] H the ring gear 1 62 is moved toward the timing 
pulley 25a (rightward as shown in Fig. 3) by a mecha- 
nism described below, the intake camshaft 23 is' moved ' 
together with the ring gear 162 in the direction indicated 
so by arrow A (rightward in Fig. 3). As the intake camshaft 
23, carrying the intake cams 28, is moved in the direc- 
tion of arrow A, the cam profile of each intake cam 28, 
i.e., a three-dimensional cam, that contacts a cam fol- 
lower 21a of the corresponding intake valve 21 gradu- 
35 ally and continuously changes so as to increase the 
valve lift and lengthen the open valve duration, that is, 
advance the opening timing of the intake valve 21 and 
delay the closing timing thereof. 
[0031 ] If the ring gear 1 62 is moved toward the cover 
40 154 (left as shown in Fig. 3), the intake camshaft 23 is 
moved together with the ring gear 162 in the direction 
opposite to the direction of arrow A. As the intake cam- 
shaft 23 is moved in that direction (left as shown in Fig. 
3), the cam profile of each intake cam 28 (three-dimen- 
45 sional cam) that contacts the cam follower 21a of the 
corresponding intake valve 21 gradually and continu- 
ously changes so as to decrease the valve lift and 
shorten the open valve duration, that is, delay the open- 
ing timing of the intake valve 21 and advance the clos- 
50 ing timing thereof. An arrangement for hydraulically 
controlling the movement of the ring gear 162 will be 
described below. 

[0032] A space inside the cover 154 is divided into a 
high-valve lift pressure chamber 165 and a low-valve lift 
55 pressure chamber 166 by the ring gear 162. More spe- 
cifically, an outer peripheral surface of a disc-shaped 
ring portion 162a of the ring gear 162, tightly contacting 
an inner peripheral surface of the cover 154, provides 
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the divider. The ring gear 1 62 is slidable in the directions 
of the axis relative the cover 154 as described above. A 
high-lift control fluid passage 167 and a low-lift control 
fluid passage 1 68 extend in the intake camshaft 23, and 
connect to the high-lift pressure chamber 165 and the 5 
low-lift pressure chamber 166, respectively. 
[0033] The high-lift control fluid passage 1 67 commu- 
nicates with the high-lift pressure chamber 165 via a 
hollow channel of the hollow bolt 158. The high-lift con- 
trol fluid passage 1 67 also extends in the cylinder head 10 
14 and connects to an oil control valve 170. The low-lift 
control fluid passage 1 68 communicates with the low-lift 
pressure chamber 166 via a fluid passage 172, which 
extends through a wail of the tubular portion 151 of the 
timing pulley 25a The low-lift control fluid passage 1 68 15 
also extends in the cylinder head 1 4 and connects to the 
oil control valve 170. 

[0034] The oil control valve 1 70 is also connected to a 
supply passage 128 and a discharge passage 130. The 
supply passage 128 connects to the oil pan 13a via an 20 
oil pump P. The discharge passage 130 connects 
directly to the oil pan 13a. 

[0035] The oil control valve 170 has a casing 1 16 that 
is provided with a first supply-discharge port 1 1 8, a sec- 
ond supply-discharge port 120, a first discharge port 25 
122, a second discharge port 124, and a supply port 
1 26. The first supply-discharge port 1 18 is connected to 
a fluid passage P1 . The second supply-discharge port 
1 20 is connected to a fluid passage P2. The supply port 
1 26 is connected to the supply passage 1 28 for supply- 30 
ing hydraulic fluid from the oil pump P. The first dis- 
charge port 122 and the second discharge port 124 are 
connected to the discharge passage 130 for discharg- 
ing hydraulic fluid to the oil pan 1 3a. A spool 1 38 having 
four valve portions 132 is disposed in the casing 116. 35 
The casing 1 1 6 is urged in one direction by a coil spring 
134, and in a reverse direction by an electromagnetic 
solenoid 136. 

[0036] When the electromagnetic solenoid 1 36 is de- 
energized, the spool 138 is positioned at an end of the 40 
casing 1 1 6 (right side as shown in Fig. 3) by a force from 
the coil spring 134. As a result, the first supply-dis- 
charge port 118 communicates with the first discharge 
port 122, and the second supply-discharge port 120 
communicates with the supply port 126. In this state, 45 
hydraulic fluid is supplied from the oil pan 13a to the 
low-lift pressure chamber 166 via the supply passage 
128, the oil control valve 170, the fluid passage P2, the 
low-lift control fluid passage 168 and the fluid passage 
172. At the same time, hydraulic fluid is returned from so 
the high-lift pressure chamber 165 to the oil pan 13a via 
the high-lift control fluid passage 167, the fluid passage 
P1, the oil control valve 170 and the discharge passage 
130. As a result, the ring gear 162 is moved together 
with the intake camshaft 23 in the direction opposite to 55 
the direction of arrow A, as shown in Fig. 3. for example. 
As a result, a low-lift side portion of each intake cam 28 
contacts the cam follower 21a of the corresponding 



intake valve 21 . Therefore, the lift of the intake valves 21 
decreases and the open valve duration thereof short- 
ens. Fig. 3 shows a state where the valve lift becomes 
minimum. 

[0037] When the electromagnetic solenoid 136 is 
energized, the spool 138 is positioned at the other end 
side of the casing 1 16 (the left side in Fig. 3) against the 
force from the coil spring 134. As a result, the second 
supply-discharge port 120 communicates with the sec- 
ond discharge port 124, and the first supply-discharge 
port 118 communicates with the supply port 126. In this 
state, hydraulic fluid is supplied from the oil pan 13a to 
the high-lift pressure chamber 165 via the supply pas- 
sage 1 28, the oil control valve 1 70, the fluid passage P1 
and the higtvlift control fluid passage 167. At the same 
time, hydraulic fluid is returned from the low-lift pressure 
chamber 166 to the oil pan 13a via the fluid passage 
1 72, the low-lift control fluid passage 168, the fluid pas- 
sage P2, the oil control valve 170 and the discharge 
passage 130. As a result, the ring gear 162 is moved 
together with the intake camshaft 23 in the direction of 
arrow A, so that a high-lift portion of each intake cam 28 
contacts the cam follower 21a of the corresponding 
intake valve 21, Therefore, the valve lift and the open 
valve duration of the intake valves 21 increase. 
[0038] When the spool 138 is positioned in an inter- 
mediate portion of the casing 116, by correspondingly 
controlling the power supply to the electromagnetic 
solenoid 136, the first supply-discharge port 118 and 
the second supply-discharge port 120 are closed. As a 
result, hydraulic fluid is prevented from moving via those 
ports. In this state, hydraulic fluid is not supplied to or 
discharged from the high-lift pressure chamber 165 or 
the low-lift pressure chamber 166. Rather, the amounts 
of hydraulic fluid in the two chambers are maintained, so 
that the ring gear 162 is fixed in position. Therefore, the 
cam profile of each intake cam 28 contacting the corre- 
sponding cam follower 21a becomes fixed, so that the 
valve lift and the predetermined open valve duration of 
the intake valves 21 are maintained. 
[0039] A valve lift adjusting ECU (electronic control 
unit) 180 for controlling the oil control valve 170, in a 
manner as described above, is formed by a microcom- 
puter having a CPU 182, a ROM 183, a RAM 184, a 
backup RAM 185, for example, as shown in Fig. 1 . 
[0040] The ROM 1 83 is a memory that stores various 
control programs and maps used as references when 
the various control programs are executed, for example. 
The CPU 182 executes computations based on the con- 
trol programs stored in the ROM 183. The RAM 184 is a 
memory for temporarily storing results of computations 
executed by CPU 182 and data inputted from various 
sensors, for example. The backup RAM 185 is a non- 
volatile memory for storing data that needs to be 
retained, even after the engine 1 1 is stopped. The CPU 
182, the ROM 183, the RAM 184 and the backup RAM 
185 are connected to one another, and also to an exter- 
nal input circuit 187 and an external output circuit 188, 
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by a bus 186. 

[0041 ] The external input circuit 1 87 are connected to 
various sensors for detecting operating conditions of the 
engine 1 1 . These sensors may include an intake pres- 
sure sensor and a throttle sensor, for example. The s 
external input circuit 187 is also connected to a crank- 
side electromagnetic pickup 190 and a shaft position 
sensor 194. The crank-side electromagnetic pickup 190 
(corresponding to an engine revolution speed detecting 
device) detects the rotational phase and the rotation 10 
speed (corresponding to engine revolution speed) of the 
crankshaft 15. The shaft position sensor 194 (corre- 
sponding to an adjustment amount detecting device) 
detects the position of the intake camshaft 23 in the 
directions of its axis. The external output circuit 188 is 75 
connected to the oil control valve 1 70. 
[0042] The ECU 180 sends signals to and receives 
signals from an fuel injection controlling ECU 200, via 
the external input circuit 1 87 and the external output cir- 
cuit 188. The signals are necessary for control opera- 20 
tions of the ECU 180 and the ECU 200. 
[0043] In accordance with this embodiment, the ECU 
180 controls the valve characteristics of the intake 
valves 21 . The ECU 180 may determine, on the basis of 
detection signals from the various sensors for detecting 25 
the operating conditions of the engine 11, that it is nec- 
essary to adjust the valve lift and the open valve dura- 
tion of the intake valves 21. This may be necessary in 
order to achieve an appropriate condition of the engine 
11. Accordingly, the ECU 180 performs corresponding 30 
drive control of the oil control valve 170. For example, 
using, as parameters, the engine revolution speed 
detected by the crank-side electromagnetic pickup 190 
and the engine load obtained from the intake pressure 
sensor or the ECU 200, the ECU 180 determines a tar- 35 
get shaft position of the intake camshaft 23 (corre- 
sponding to a target valve lift). This determination is 
performed on the basis of a map. Then, the ECU 180 
drives the valve lift varying actuator 25 so that the intake 
camshaft 23 is positioned at the target shaft position. 40 
[0044] During this drive control, the ECU 180 deter- 
mines a present shaft position of the intake camshaft 23 
along its axis. This determination is made on the basis 
of a detection signal from the shaft position sensor 194. 
Then, the ECU 180 performs feedback control of the 45 
valve lift varying actuator 25 via the oil control valve 170. 
As a result, the intake camshaft 23 assumes the target 
shaft position for achieving the target valve lift and the 
target open valve duration of the intake valves 21 . 
[0045] In addition to the above-described operation, so 
the ECU 180 executes a fail-safe operation illustrated by 
the flowchart in Fig. 4. The fail-safe operation is repeat- 
edly executed in a constant time length cycle or a con- 
stant crank angle. Steps in the flowchart, corresponding 
to various operations, are represented by reference 55 
numerals led by "S". 

[0046] When the fail-safe is started, the ECU 180 
stores an engine revolution speed NE calculated based 



on a detection value obtained from the crank-side elec- 
tromagnetic pickup 190. The engine revolution speed 
NE is stored in a working memory provided in the RAM 
184 in step S1010. Subsequently in step S1020, the 
ECU 180 stores a shaft position L, calculated based on 
a detection value obtained from the shaft position sen- 
sor 194, into the working memory of the RAM 184. 
[0047] Subsequently in step S1030, the ECU 180 
determines an allowable revolution speed NEG corre- 
sponding to the shaft position L, by using a table stored 
in the ROM 183. The table provides a relationship 
between the shaft position L and the allowable revolu- 
tion speed NEG. 

[0048] The table is set, for example, as indicated by a 
solid line Lneg shown in Fig. 5. The allowable revolution 
speed NEG will tend to continuously increase with 
increases in the value of the shaft position L This table 
setting has been adapted to the characteristic of the 
engine 11 that the allowable revolution speed NEG 
increases as the lift of the intake valves 21 increases as 
described above. In this embodiment, the lift of the 
intake valves 21 increases as the detected value of the 
shaft position L detected by the shaft position sensor 
194 increases. A shaft position Lmax corresponds to a 
maximum valve lift, and a shaft position Lmin corre- 
sponds to a minimum valve lift. 
[0049] Subsequently in step S1040, the ECU 180 
determines whether the actual engine revolution speed 
NE, stored in step S1 010, is equal to or greater than the 
allowable revolution speed NEG. If NE ^ NEG (YES in 
step S1040), the operation proceeds to step S1050. In 
step S1050, the ECU 180 sends a fuel-cut instruction 
signal to the ECU 200 in order to prevent over-speed 
engine revolution. Subsequently, the fail-safe operation 
temporarily ends. In response to the instruction signal, 
the ECU 200 stops fuel injection to the engine 1 1. .so 
that the revolution speed of the engine 1 1 decreases. 
[0050] If the actual engine revolution speed NE is 
lower than the allowable revolution speed NEG as a 
result of the above-described engine speed reduction or 
as a result of the beginning speed of the engine (NO in 
step S1040), the operation proceeds to step S1060. In 
step S1060, the ECU 180 sends an over-speed prevent- 
ing fuel-cut canceling instruction to the ECU 200. 
Therefore, fuel injection is resumed or continued. It 
should be noted herein that if fuel-cut is being per- 
formed by a different control operation, fuel injection is 
not resumed or continued merely by execution of step 
S1060. 

[0051 ] As long as the responsiveness of the valve lift 
varying actuator 25 is normal, an increase in the engine 
revolution speed NE from a state Q0 as indicated in Fig. 
5 is followed by a corresponding movement of the intake 
camshaft 23 in the direction of arrow A in Figs. 1-3, 
whereby the lift of the intake valves 21 caused by the 
intake cams 28 is increased (state Q1). Since the allow- 
able revolution speed NEG also increases as indicated 
in Fig. 5, the engine revolution speed NE does not 
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become greater than the allowable revolution speed 
NEG. 

[0052] However, if the valve lift varying actuator 25 has 
an abnormality or a responsiveness reduction for any 
reason, an increase in the engine revolution speed NE, 5 
from the state QO, is not followed by a prompt move- 
ment of the intake camshaft 23 in the direction of arrow 
A. As a result, a sufficient increase in the valve lift is not 
achieved. In this case, therefore, an increase in the 
engine revolution speed NE is likely to result in a shift to 10 
a state Q2 where the actual engine revolution speed NE 
exceeds the allowable revolution speed NEG. if such an 
event happens, the step S1050 is executed, whereby 
the engine revolution speed NE is decreased to estab- 
lish a state Q21 where the actual engine revolution 15 
speed NE is lower than the allowable revolution speed 
NEG. 

[0053] In this embodiment, step S1 030 corresponds to 
an operation of an allowable revolution speed setting 
device. Steps S1040 and S1050 correspond to an oper- 20 
ation of an engine revolution speed reducing device. 
[0054] As is apparent from the above description, this 
embodiment of the invention detects an actual amount 
of adjustment achieved by the valve lift varying actuator 
25 by using the shaft position sensor 194. As a result, 25 
the embodiment is able to determine a cam profile of 
each intake cam 28 contacting the corresponding cam 
■ follower 21a. That is, the embodiment is capable of 
determining what portion of the oblique cam surface of 
each intake cam 28 is in contact with the corresponding 30 
cam follower 21a and, therefore, is achieving a present 
valve lift. Since such a valve lift cam profile is thus spec- 
ified, in addition to other parameters involved in deter- 
mining an allowable revolution speed NEG, including 
the valve spring load, the valve mass, and the like, it 35 
becomes possible to set a precise allowable revolution 
speed NEG. 

[0055] Therefore, the allowable revolution speed NEG 
can be set so as to vary continuously with continuos 
changes in the valve lift as shown in Fig. 5. As a result, 40 
it becomes possible to properly determine the state of 
an actual engine revolution speed NE, that is, whether 
the actual engine revolution speed NE is appropriate. 
This is accomplished on the basis of the allowable revo- 
lution speed NEG. More specifically, if an engine revolu- 45 
tion speed NE is equal to or higher than the present 
allowable revolution speed NEG, a fuel-cut is performed 
to reduce the revolution speed of the engine 1 1 to an 
appropriate level. The embodiment in accordance with 
. the invention thus realizes a proper fail-safe system and so 
prevents problems with the engine 1 1 . 
[0056] In the foregoing embodiment, the valve lift 
adjusting ECU 180 and the fuel injection controlling 
ECU 200 are provided as separate components. How- 
ever, it is also possible to provide a single ECU that per- 55 
forms the valve lift adjusting control, the fail-safe 
operation, and the fuel injection control. 
[0057] It is also possible to provide hysteresis for the 



determination in step S1040. That is, as shown in Fig. 6, 
if the determination in step S1040 is affirmative, the 
subsequent step S1050 is followed by step S1055. in 
step S1055, the allowable revolution speed NEG is set 
to NEG1 . If the determination in step S1 040 is negative, 
the subsequent step S1060 is followed by step S1065, 
in which the allowable revolution speed NEG is set to 
NEG0, where NEG1 < NEG0. The provision of such 
hysteresis prevents problematic discontinuaties in gen- 
erated power between implementation and discontinua- 
tion of the fuel-cut operation and therefore prevents 
deterioration in drivability. 

[0058] Furthermore, in the foregoing embodiments, if 
the actual engine revolution speed NE becomes equal 
to or higher than the allowable revolution speed NEG, 
the engine revolution speed NE is reduced by a fuel-cut. 
However, it is also possible to reduce the engine revolu- 
tion speed NE by an engine torque reduction. This may 
be achieved by reducing the throttle opening. 
[0059] Still further, in the foregoing embodiments, the 
valve lift varying actuator 25 is provided on the side of 
the intake camshaft 23. However, a construction may 
instead be adopted in which the intake cams 28 are nor- 
mal cams and the exhaust cams 27 are three-dimen- 
sional cams and, therefore, a valve lift varying actuator 
is provided on the side of the exhaust camshaft 22. 
Another construction in which the exhaust cams 27 and 
the intake cams 28 are three-dimensional cams and 
valve lift varying actuators are provided for both the 
exhaust camshaft 22 and the intake camshaft 23 may 
also be adopted. 

[0060] While the invention has been described in con- 
junction with specific embodiments thereof, it is evident 
that many alternatives, modifications and variations 
may be apparent to those skilled in the art. Accordingly, 
the exemplary embodiments of the invention as set forth 
herein are intended to be illustrative, not limiting. Vari- 
ous changes may be made without departing from the 
spirit and scope of the invention. 

Claims 

1 . A revolution speed control apparatus for an internal 
combustion engine (11) having a camshaft (23), the 
revolution control apparatus characterized by com- 
prising: 

a three-dimensional cam (28) provided on the 
camshaft (23) of the internal combustion 
engine (11). the three-dimensional cam having 
a cam surface that contacts a cam follower 
drivingly connected to a valve (21), the three- 
dimensional cam having a cam profile that var- 
ies continuously along a rotational axis of the 
three-dimensional cam; 
a valve lift varying actuator (25) capable of con- 
tinuously varying a valve lift of the valve (21) by 
adjusting a position of the camshaft (23) along 
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the rotational axis of the three-dimensional 
cam (28), the valve lift of the valve (21) caused 
by the three-dimensional cam; 
adjustment amount detection means (180, 
194) for detecting an amount of adjustment s 
provided by the valve lift varying actuator (25); 
allowable revolution speed setting means (180, 
S1030) for determining an allowable revolution 
speed of the internal combustion engine (11) 
based on an amount of adjustment detected by to 
the adjustment amount detection means, 
engine revolution speed detection means (180, 
190) for detecting a revolution speed of the 
internal combustion engine (1 1); and 
engine revolution speed reduction means (180, is 
S1040, S1050) for reducing the revolution 
speed of the internal combustion engine (1 1) if 
the revolution speed detected by the engine 
revolution speed detection means (180, 190) is 
greater than the allowable revolution speed set 20 
by the allowable revolution speed setting 
means. 

2. The revolution speed control apparatus according 

to claim 1 , characterized in that the engine revolu- 25 
tion speed reduction means (180, S1040, S1050) 
reduces the revolution speed of the internal com- 
bustion engine (1 1) by stopping a fuel supply to the 
internal combustion engine (1 1). 

30 

3. The revolution speed control apparatus according 
to claim 1 , characterized in that the engine revolu- 
tion speed reduction means (180, S1040, S1050) 
reduces the revolution speed of the internal com- 
bustion engine (1 1 ) by reducing a throttle opening. 35 

4. The revolution speed control apparatus according 
to anyone of claims 1 through 3, characterized in 
that the allowable revolution speed setting means 
(180, S1030) sets the allowable revolution speed by <o 
continuously varying the allowable revolution speed 
based on the valve lift corresponding to the amount 

of adjustment. 

5. A revolution speed control apparatus according to 45 
claim 4, characterized in that the allowable revolu- 
tion speed setting means (180, S1030) sets the 
allowable revolution speed setter so that the allow- 
able revolution speed increases with increases in 

the valve lift in accordance with the amount of so 
adjustment. 



55 



8 



EP 0 990 775 A1 




9 



EP 0 990 775 A1 



FIG.2 
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FIG.3 




134 



132 118 



■PI 
116 



si 




rfL 2 ,ua rue 4 ECU 

120 / ; / 



-180 



138 122 
130- 



132 
126 



128 
P 



124 
J32 



132 



W^ 3 - ---A lso 



11 



EP 0 990 775 A1 



FIG.4 
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